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RESULTS OF TUNA LIVE BAIT TRANSPORTING EXPERIMENTS 

OF THE HONOLULU LABORATORY1 1 

By Tamio Otsu 
Southwest F i she r i e s  Center 

National Marine F i she r i e s  Service, N O M  
Honolulu, H I  96812 

INTRODUCTION 

A t  t he  Japan Tuna Conference last February, I reported on the plans of t h e  

Honolulu Laboratory t o  assist t h e  H a w a i i a n  skipjack tuna f i she ry  by t r anspor t ing  

b a i t f i s h  from Ca l i fo rn ia  t o  Hawaii. The H a w a i i a n  skipjack tuna f i s h e r y  is limited 

i n  i t s  growth and development because o f  the  s c a r c i t y  of n a t u r a l l y  occurr ing ba€t- 

f i s h  i n  H a w a i i .  The Hawaiian b a i t f i s h ,  a small anchovy ca l l ed  nehu, Stolephorus 

purpureus, is l imited i n  supply, and tends t o  be scarce during the peak sk ip jack  

tuna f i s h i n g  season between May and Sepcember. Consequently, a l a rge  proport ion 

of t he  fishermen's time, perhaps up t o  W L ,  is spent i n  t ry ing  t o  catch s u f f i c i e n t  

b a i t  t o  go f i s h i n g  f o r  skipjack tuna. I f  the bai t -catching time can be reduced 

and i f  t he  time saved can be more p ro f i t ab ly  applied t o  skipjack tuna f ishing,  

then the catches of skipjack should increase proportionately.  Furthermore, i f  

a v a i l a b i l i t y  of b a i t f i s h  i s  no longer a problem, then i t  is probable that new 

f i s h i n g  vesse l s  w i l l  j o i n  t h e  Hawaiian f l e e t  and the  skipjack tuna fishery is 

bound t o  grow. 

Af t e r  studying the var ious opt ions ava i l ab le  t o  assist the  Hawaiian fishery, 

we decided upon the  t ransport ing of b a i t f i s h  from Ca l i fo rn ia  t o  Hawaii. as being 

perhaps the  most p r a c t i c a l  and most d i r e c t  approach t o  take.  

i s  a l a rge  resource of northern anchovy, Engraulis mordax, ava i l ab le  throughout 

t h e  year.  I f  t h i s  f i s h  can be transported t o  Hawaii on a regu la r ly  scheduled 

bas i s ,  and a t  reasonable c o s t ,  then i t  should serve to au-pent t h e  l o c a l  nehu 

supply and enable considerable development of the Hawaiian skipjack f i she ry .  

In California ,  t h e r e  
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The techniques developed i n  t h i s  experiment should a l s o  be app l i cab le  t o  o t h e r  

a r e a s  of  t he  c e n t r a l  and western P a c i f i c  where f i s h e r y  development i s  hampered 

by the l a c k  of s u f E i c i e n t  amounts of s u i t a b l e  b a i t f i s h .  

BAIT-TRAXSPORT METHOD 

We decided t o  use  a su rp lus  m i l i t a r y  a i r c r a f t  r e f u e l i n g  t a n k - t r a i l e r  ( t h e  

type of  highway tanker  t h e  o i l  companies use to d e l i v e r  gaso l ine  t o  the  retail  

o u t l e t s )  of 5,000-gal lon capac i ty  as our  b a i t f i s h - t r a n s p o r t  tank. We obtained 

a su rp lus  tank  and modified it €or  ca r ry ing  f i s h  i n  both open- and closed-circu-  

l a t i o n  modes. 

on the  highway. 

f r e i g 5 c e r s  opera ted  by Matson Navigation Co. 

A su rp lus  t r a c t o r  was a l s o  obtained f o r  towing t h e  t a n k - t r a i l e r  

The concept is dependent u?on the  new " r o l l  o n / r o l l  a f f"  

T h e s e  modern f r e i g h t e r s ,  two of  which now opera te  between C a l i f o r n i a  and 

H a w a i i ,  m a k e  a rouad t r i p  between Honolulu and Long Beach i n  10 days.  

r e q u i r e s  only I-c days t o  t r a n s i t  between 3a;rai.i a . d  Long Beach. The b a i t f i s h  

i s  loaded i n t o  the  tank at  Long Beach Harbor. A self-contained,life-su?port 

system ope ra t e s  t h e  tank i n  a c losed -c i r cu la t ion  system as i t  is  towed Erom tho 

ba i t  p i e r  t o  t h e  f r e i g h t e r  te rmina l  and aboard the  sh ip .  During t h e  ocean 

c ross ing ,  t h e  tank ope ra t e s  i n  a flow-through system wi th  water  suppl ied by the 

s h i p ' s  f i r e  hydrant  system. 

It 

Discharge from t h e  t ank  is of f  t h e  s i d e  of t h e  sh ip .  

Four  days later,  the  tank a r r i v e s  i n  Hono1ul.u where i t  is  switched t o  t h e  

c l o s e d - c i r c u l a t i o n  system. A t r a c t o r  i s  dr iven  on t h e  sh ip  t o  take the  tank- 

t r a i l e r  in tow back t o  our Laboratory 's  f a c i l i t y  a t  Kewalo Rasin. Kewalo is also 

where the  Hawaiian sk ip j ack  tuna f l e e t  i s  ber thed.  
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During t h e  l a s t  year  w e  ass igned a few men t o  t h i s - p r o j e c t ,  and al though 

the  r e s u l t s  t o  d a t e  have no t  been overwhelmingly success fu l ,  w e  d i d  l e a r n  a 

l o t ,  and I would l i k e  t o  r e p o r t  some of  t h e  r e s u l t s  t o  you today. 

AVAILABILITY OF NORTHERN ANCHOVY 

F i r s t  of a l l ,  we learned t h a t  anchovy are a v a i l a b l e  i n  C a l i f o r n i a  through- 

o u t  t h e  year .  

t h i s  is t h e  C a l i f o r n i a  terminal of t h e  r o l l  o n l r o l l  o f f  f r e i g h t e r s .  

a b a i t  d e a l e r  i n  Long Beach who supp l i e s  anchovy to  s p o r t  f ishermen and t o  

a lbacore  fishermen i n  t h e  a rea .  He  i s  i n t e r e s t e d  i n  our  b a i t - t r a n s p o r t  p r o j e c t  

and has  agreed t o  supply us wi th  t h e  necessary  amounts of anchovy. 

We s e l e c t e d  Long Beach Harbor as our  b a i t  supply po in t  because 

There is 

TRIAL SHIPMENTS OF ANCHOVY 

I n i t i a l l y ,  a f t e r  modifying the  f u e l  tank t o  ca r ry  f i s h ,  we s e n t  t h e  tank  

t o  C a l i f o r n i a  and re turned  i t  t o  H a w a i i  wi th  a r a t h e r  s m a l l  load of anchovy. 

The m o r t a l i t y  on t h e  f i r s t  shipment was about SO%, and w e  a t t r i b u t e d  t h i s  h igh  

m o r t a l i t y  t o  t h e  f a c t  t h a t  t h e  tank was no t  provided wi th  a mechanism t o  remove 

dead f i s h  and a l s o  because we were ca r ry ing  "green f i sh"  ( f i s h  that had j u s t  

been caught by t h e  b a i t  f ishermen and no t  acc l imat ized  i n  c a p t i v i t y ) .  

Following t h i s  experiment,  w e  proceeded t o  modify t h e  t ank  by i n s t a l l i n g  

a "siphon system" t o  d ischarge  dead f i s h .  During t h e  next  t r i a l  shipment t h e  

"siphon system" n o t  only discharged dead f i s h  but  a l s o  a l a r g e  number of  l i v e  

f i s h  a s  wel l .  Again, from a combination of f a c t o r s ,  t he  m o r t a l i t y  w a s  high, 

a t  around 50% t o  60%. 

improvement. 

It w a s  obvious t h a t  t h e  "siphon system" needed cons iderable  
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The modificatiou of the tank continued to  the point  where a more 

T e s t s  i n  Long Beach showad sa t i s f ac to ry  "siphon system" was developed. 

t ha t  dead f i s h  were being discharged as they sank to the bottom of the 

tank and those that f loa ted  above were being discharged by the overflow 

system. However, in actual shipment, we continued to encounter diffi- 

c u l t i e s  from dead f i s h  clogging the discharge outlets and other unexpected 

problems 

Our latest modification was the installation of very large area 

screens w i t h  "safety valves" ( these are rubber skirts) which were designed 

t o  pass whole f i s h  only in the event tha t  these screens should become 

completely clogged. 

and found to  work very e f f i c i en t ly .  A t  the same time, an improved version 

of the "siphon system" was used to  remove metabolites and decay products 

from the tank's bottom. Unfortunately, t h i s  bottom system suffered a 

mechanical f a i l u r e  during the las t  shipment and most of the load was last, 

The remedy now appears obvious: 

f u l  new top screens should also be in s t a l l ed  at the bottom of the tank 

over the bottom discharge out le ts .  

occur. 

pressure .  

pass them out; however, the screens will be positioned so that water coming 

in contact  with e i t h e r  f loa t ing  o r  sunken dead f i s h  will already be 011 its 

way o u t  of the tank. This w i l l  prevent m y  buildup of decay products. 

F u t u r e  shipments w i l l  be nade ns ing  the new screening devices a t  all out- 

lets, both to2 and bottom. 

These screens were t r i ed  in  the top overflow system 

Large-area screens similar to the success- 

With such a system,clagging should nat 

If i t  docs, the "safety valve" fea ture  will allow relief of 

The system will be designed to  retain the dead fish rather than 
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ACCLIMATIZATION OF BAITFISH 

Last year,  folluwing the Tuna Conference, I v i s i t e d  severa l  ba i t i ng  

areas  i n  Aj i ro ,  Usami, Beppu and Sasebo. In each area  where I visited 

and talked with persons involved i n  the b a i t  f i she r i e s ,  I learned that 

the Japanese anchovy s u f f e r  an in i t ia l  m o r t a l i t y  of about 307. a f t e r  cap- 

ture, regardless  of haw ca re fu l ly  the b a i t f i s h  are handled. 

t h a t  the b a i t f i s h  ge t  s t ronger  and s t ronger  a f t e r  a period of acclimatiza- 

t i on  i n  the ikesu. In  f a c t ,  some of the b a i t  being taken to the sout3xem 

water skipjack f i she ry  (Nanpo Gyojyo) a r e  anchovy that had been held in 

the ikesu and fed f o r  a p e r i o d  of a s  long as 2 m o n t h s  a f t e r  capture. 

I t  seems of utmost  importance tha t  the b a i t f i s h  a r e  acclimatized in the 

- ikesu before they a re  transported any distance. 

It seems 

This f a c t  was discussed a t  the Tuna Bai t f i sh  Workshop t h a t  was held 

i n  Honolulu this pas t  June. 

c ipants  t ha t  we, too, should acclimatize the anchovy before they are 

shipped in our t ransport  tank. It  was f e l t  t h a t  this would minimize 

morta l i ty  s ince  we would then have weeded ou t  the weake r  b a i t f i s h  durfpg 

the period of acclimatization. However, s ince  American b a i t  dealers do 

no t  provide acclimatized b a i t  as  do the Japanese b a i t  dealers ,  we decided 

t o  handle t h i s  procedure ourselves. 

some p i e r  space from the U.S. Coast Guard i n  Long Beach Harbor, and setup 

two p l a s t i c  tanks f o r  the purpose of acclimatizing ba i t f i sh .  

2 4 - f t  i n  diameter and 4 - f t  deep, could together hold a t  least 2,000 pounds 

of anchovy. OUT experimental procedure was to  receive the anchovy from 

the b a i t  dealer;  p u t  them in to  the two holding tanks, keep and feed the 

There was general agreement among the part&- 

Thus, a few mouths ago, w e  bofiawed 

The twa tanks. 
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f i s h  for about a week, and ship these f i s h  back t o  H a w a i i  in the trans- 

po r t  tank. 

CARRYING CAPACITY OF THE TANKS 

Several experiments were conducted i n  Long Beach us ing  acclimatized 

anchovy. 

capaci ty  of our 5,000-gallon t ranspor t  tank. 

t e s t ed  over 

ocean from Long Beach t o  Honolulu. In summary, the tests showed that 

survival rate was about 707. during the 

around 0.34 pound of f i s h  per  ga l lon  of water. 

e f f e c t  of overcrowding became: apparent and the survival  cumre trended 

downward. Thus, the optimum carrying capacity appears t o  be around 0.34 

pound p e r  gal lon,  o r  1,700 pounds of anchovy in this p a r t i c u l a r  tank. 

The surv iva l  a f t e r  days would r e s u l t  i n  a net load of 1,100 pounds. 

There is every reason to bel ieve that we can ship this amount of fish to 

These experiments were designed t o  show the optimum carrying 

Various dens i t i e s  were 

4-day periods, simulating the tima required to  c ross  &a 

4 days f o r  dens i t i e s  up to 

Beyond this density,  the 

4 

H a w a i i  in good condition. 

s u f f i c i e n t  oxygenation, and  temperature changes betwten Long Beach and 

Honolulu do n o t  pose a ser ious  problem. 

The water c i r cu la t ion  on the sh ip  provides 

FuTuEu PLANS 

As of today we have y e t  to demonstrate that 1,100 pounds of anchovy 

can be ca r r i ed  to  H a w a i i  i n  one shipment of the tank. According t o  our 

economic ana lys i s ,  taking i n t o  consideration a l l  the c o s t s  involved in 

shipping a tankful of b a i t  t o  Hawai i ,  t h i s  venture will be cost-effect ive 

i f  we can de l ive r  1,100 pounds of anchovy in  a s i n g l e  shipnent. 

s e l i i n g  the anchovy f o r  about $2 p e r  pound t o  the fishermen, the b a i t  

By 
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shipment can be made i n t o  a self-paying venture. Of course, one tank 

is not su f f i c i en t .  We would need perhaps 6 or 8 such tanks...p erhaps 

3 or  4 loaded tanks coming in to  Hawaii a t  any one time; and 3 o r  4 

empty tanka moving out  towards Cal i fornia ,  t h u s  having a continuous flow 

of b a i t f i s h  from Cal i fornia  to  Hawaii, pa r t i cu la r ly  dur€ng the surmer 

mop ths . 
We have already determined during the l a s t  fat months t h a t  the 

Hawaiian fishenrun are wi l l ing  to  pay f o r  anchovy, and a c o s t  of approxi- 

mately $2 p e s  pound is q u i t e  acceptable to  them. 

t h a t  the fishermen find anchovy to  be an excel lent  b a i t f i s h  f o r  skipjack 

i n  Hawaiian waters. 

qu i t e  ser ious is the f a c t  t ha t  OUT fishermen f ind  any anchovy l a rge r  than 

about 10 cm to  be too la rge  a s  l i v e  b a i t  and may be unwill ing to pay for 

such over-sized f i sh .  

problem. On the other  hand, large anchovy were used for skipjack f i sh ing  

and were found to  be excel lent  f o r  i n i t i a l  chumming ... that is, to attract 

the skipjack to  the vessel .  

i n f e r i o r  to  the awch smaller nehu f o r  holding the stt ipjack a t  the stern, 

of the vesse l  while f i sh ing  was i n  progress. 

We have a l s o  learned 

However, one complaint which may tnrn out  t o  be 

To del iver  anchovy of i d e a l  b a i t  sizes may be a 

These large f i s h ,  however, were found to be 

Our plan is t o  continue w i t h  OUT e x p r h e u t s .  We hope that in one 

o r  two addi t ional  t r i a l  shipments we s h a l l  be able to have the answer tis 

to whether OT not t o  proceed w i t h  a fu l l - s ca l e  connnsrcial b a i t f i s h  trans- 

p o r t  program. 




